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AN ANALYTICAL STUDY OF WING AND TAIL LOADS

.- —ASSOOIATED WITH AN ELEVATOR DEFLECTIOHN

By HE. A, Pearson and J. B. Garvin .
. - SUMMARY

The equations relating the wlng and tail loads are
derived for the type of control movement that proceeds
at a constant rate to 2 maximum wvalue and thereafter re-
malins constant. These squatlone are then used to compute
the varigtlion with time of the wing and tail loads for
the BT-938 airplane; each of the important.parameters 1s
varied in turn in the computations. ZXquatlons are derived
for the determination of the maxluum increments of the wing
load, the down-tall load, and the up-tail load following
a given elevator displacement. .

Tor a given elevator displacement, the resunlts indi-~
cate that the greater the rate of elevator movement the
greater is the down-tall load and that a rearward shift
of the center of gravlity causes an ipcrease 1ln both the
ving load and the upward-acting tall load.

IJTRODUCTION

The opinlon has often been expressed that the design
load reyulrements of taill surfaces do not have the same
rational basis as the reguirements for other important
parts of ths alrplane. It 1ls felt that the reguirements,
in the caee of the horizontal tall surfaces, should not
only take 1nto account the geometric and the aerodynamic
propertles of the surfaces but should als¢c have some in-
timate relationship with the wing desizn load factor.

In order to achieve this relatlonship, i%t-is neces-
sary to determine both the wing load that accompaniss a
glven slevator deflection and the maximum effective angle
of attack that ocours at the tail surface when both linear
velocitles and angular velocities are combined. There-
fore, a rational determination of the tanll load must some-
how take into account not only the stabllity characteris-
tics of the airplane but also the manner in which the
pllot actually moves the controls.



As early as 1921, Case and Gates (refersnce 1) had
investigated the problem of determlining the tall load from
& rational basis and, although thelr paper included &
serles of design charts, they concluded thet the number of
factors upon which the maximum tail load depended was too
large for any simple general formula to be given and that
it was imposesidble to correlate the maximum tall load with
the subsequent maximum wing load. Since that time, a num-
ber of related papers (references 2 to 8) have appeared;
these papers have correlated the wing load with the -setick
force %see reference 3) or with the tail load. In most of
the papers, either insufficlent résults.are given for de-
termining the effeot of a wide variation in the rate of
elevator movament on the tall load (see references 4 and
5) or elavator displacement funotlions have been so chossn
(see referencee 6 and 8) that the rate of movement 1s
variable along the path.. For these functions it is im-
possible to isolate the effect of elévator movement on the
tall load.

A conglderation of the problem of destermining the
maneuvering tail loads for various types of airplane in-
dlcates that a desirable approach would be:

1, Jetermine the variabisess that, from theorsetical
conslideratlions, appear to be the most important in deter-
mining the tail load.

2. Having detormined these variables, find by experi-
ments conducted on an actual airplane, the parameters of
which are accurately kmown, the effect of each variable
in turn on the tall load.

3. Obtain statistical date regarding actual amounts
and rates of elevator deflectidns at varlious alr speeds
for varlious airplane types. :

Tha present paper covers step 1 of the outlined in-
vestlgation, includes methods of computing the variation
of wing and tall loade, and gives numerical results of the
application of the theory to the BT-9B airplane. Finally,
theoretical formulas are developed and charts are given
for computing the maximum increments of wing load, the
down-tail load, and the up~tail load following a given
elevator displacement.
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SYMBOLS

o - - - aea

The following is a list of the symbols empldyed in’

paper:

v airplane-weight. pounds

S wing area, square feet

St tall area, square feet

b wing span, feet

g acceleration of gravity.'feet per second per second

m airplane mass (W/g), slugs .

ky radius of gyration of airplane, fset

I pitching moment of inertia (mkys), slug-feet?

xt tall distance from center of gravity of airplane
to aerodynamic ocenter of tall, feet

v alrplane velocity, feot per second

P mass denslty of alr, sluge per cubic foet

q dynamic pressure (1/2p ¥°), pounds per equare foot

ng tall efficiency factor (q,/q) .

L  11ft, pounds -

C;; 1ift coefficlent

Ca Piltching-moment coefficient of airplane less
horizontal tail

a wing angle of attack, radians

ay tall angle of attack, radians

1, angle of'setting of tall surface, radians

8 elevator angle, radians

€ downwash angle, radians



Y flight-path angle.with horisontal, radlans
angls of pitch (a+Y), radians

K ' empirical constent denoting ratio of .damping ]
moment of complate alrplane to damping moment
of tall alone

n airplane load factor
t time, seconds

With subsoript 1, t 13indicates time of maxi-
mum elevator deflection; with prime ('), ¢
indicates & particular }ime, The -notations
@ and &, & and 6, Y and Y denote
single and doudble dAifferentiations with re-
spact to time.

X,,K3,KE5; constants occurring in baaic differantial equa~-

tion
a, b roots of basic dlfferentiel squation
A, B constants of integratioﬁ in solutlion of 4differ-

ential equation

30'71-73-55 empirical factors used in determining maximum
values of angles

Subscripts:

o) initial value
max maximum value
d down load

1PN gero 1lift

geo geometrie

t - tall -

THEORETICAL RELATIONS BEITWEEN WING AND TAIL LOAD

The mathematical treatment of the longitudinal motion
of an airpland following an elevator movement ilavolves
three simultansous nonlinear differential equations. The
correct solution of these equstione munst be obtalned elther
by eeries substitution or step~by~-step methods, A close
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approximatlion to the correct sclution can be obtalned if
i1t is assumed that, iIn the intervel between the start of
& pull-up-and-the ‘atteainment of maximum loads on the wing
and the te24i)l surfaces, neither the initial velocity nor
the initiael.attitude changes materially. These assump-
tioas, which eliminate one of the three equations of mo-
tlon end the trigonometric coefficients 4in the other two
equations, afford a considerable saving in labor when a
large number of cases are to be investigated. In addi-
tion, the assumptlons agree qualitatively with experimen-
tal flight results and have besn generally used 1ln treat-
ing longitudinal motion of an airplane following a con-
trol deflection. :

The followling method, which mainly employs well-known
results, mlight conceivably be useful at that stage of the
deslgn where numerical values of tne load are required dut
whaere results of model tests are unavailable. Under such
conditlions most of the aerodynamic parameters of the alr-
plane that enter into the problem must be determined from
other sources. ©Some of these paramsters can be determlned
with a hlgh degree of.accuracy; whersas others, notably
the downwash fector, the tall effliciency factor, and the
8lope of the pitching-moment curve, cennot be obtained
wlth the same =zccuracy.

If the sign conventions of figure 1 are used, the
following equations apply to the steady-flight condition:

éc
W cos 'YO - —d-aTL a,oqs = 0 (1)
2 dC3
Cpa _..-h—.J{q,o(l - —-)+ 1 +—-i 8 }(ntq)stzt = 0 (2)
Gt

Equation (1) represents the summation of the forces per-
endicular to the instantaneous flight path and eguation
2) represente the moments about the center of gravity.

In accordarce with the assumption that there 1s no
loss in speed during the pull-up, the corresponding dynamiq
equationa can be written as

: . ac :
W cos ('Y°+A'Y)-TI‘-(0.°+Au.)q_S+m'YV=O - (3)
: [+ 4
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2 &x z
(G +"'"E'AG- -.b—"-i'—r{aoﬂia) (1 - —?-t %& -fj- J__—ﬁ-—{+ ’11;

] - '
+ -ﬁ-t(aq + AG)}(ntq)S-txt ~ wky® 0 = 0. (4)

Tae term conteining a 1s introduced to correct for the
effect of lag in downwash at the tail, and the term con-
taininz & 1is introduced to account for the change 1in
tail angle due to rotat ion. .

If ecuatlons (1) and {(2) are subtracted from equa-
tione (3) and (4) apd 1f 1t 1s assumed that only a small
change in attitude takes place (so that cos (Yo + AY) T
cos Y), +the followlng equations of motlon are obtained:

. dacC '
oYV - —Z Aa S £ 0 - (5)
da .- .
52 Xt x da E
——EAaq—-l—-—tMa,\l i—) 7 -g*&— _Vt -‘ﬁz\.._—-l-l—gtéﬁj(ntq}stxt

. —mkrae = 0 (6)
From Tlgure 1 the following relatlons are sesen to

ex;st -
8 = (o, + 4a) + (Y, + &Y)
é = &. + Q - . r (7)
.é =4+ ¥
. -. ) J )
Thus,; from.équations (5) anda (7) i
L] L J [ ] ch
N'= § - = —L Agg B : 8) -
U da q-mv . . (6)
aﬁd )
) [ 1) ' .u . d-cL . . . )
. = - a = ——= g _§_ ) 9)
v ° da g"5m‘V s . . N (

If equations (8) and (9) ere substituted into equa-
tion (&), the tarms containing " &, - &, Aa, and A8 are
sagregatad; and, 1f the resulting equation 1s divided by
-nky® = =I, <there 18 obtained
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acy, ac
a,,&[ t_s_t_,,,,tv(._s_;, \+ L%vg]
dﬂ-t .
53 S,.x Sx
- __4__1 S¢Xe() _ac 801 X ..1)]
A“[aa. Ibat"Q) a.da-ﬁ‘am
dCr, 8
= Xt |-
A3 [‘E’;j'(“tQ) - ] (10)
For simplicity, eqnﬂtion (10) is written as
' %+ K d + Kgha = EgAS (11)

which i3 the equation for a damped oscillation with an
impressed force where
\

v [9C1¢ Sgxy® <
K, = B~ S_ 4 de
1 2m [dmt 5 oy aa

—~

(11a)
da kpb. dag

3rac S i
v L t*t
K. = £o| —2%
s 2m [ as Ny k'fa 2

4

It may be noted here that, when derivatives are con-
sldered, 1t is immaterial whether a or Aa 1s wused.
Because most of the results will be given as increments of
angles, the rotation Aa &and 48 will be retained except
where derivatives are used. If, in equation (11), A8 1is
expressed as & function of t and, in particular, if it
is assumed that the elevator.displacement curve is composed
of a constant gradient up to a value of Asmax occurring

at time ¢t; &and thereafter is'held at a constant value,
the following conditions for determining the conatants of
integration exist.

In the first interval betwesn ¢t = 0 and ¢t = t,,

t
As’TAamaI; end at ¢t = 0, Aa = & = 0.
1

In the second interval, where:. t > t, and A8 = A8 oy



the conditions for detsrmining the constants ars that at

t = t;, 4a, &, and A8 are given by the values obtained
from tho firet interval. When the roots of &+K;d+Kzla
ara complex, that is, of the form a*id, as will be the
case with alrplanes that are 1ongitud1nally stable, the
gsolution of the differential equation for the first intsr-
val (t < t,) 1is

8 X [ K K X
Ban—DX-2 {428 | 2008 Bt - d(ag2+1) s1a bt+t- 52 b (12)
tlxa xa b 3 J 2

If equation (12) is differentiated and simplified by
introducling the equivalent_valuqs of K, and Kz, then

8

&4 = tx,

L/l-e cos btd-eft %-ain bt)] (13)

In the second interval, where ¢ > t, and A48 = Adpgx,
the complete solution of equation (11) is

K.A8
Ag = aa't(.& cos bt+ B sin bt)+-—3—zm (14)
. ) : 2

where A eaend B are constants of integration.
If equation (14) is differentiated,
&= o2t [Lad + BB) cos bt + (a.B - bA) sin Dbt ] (15)

.If the values that apply at t = t; are assigned to Aa
and &, equations (1l4) and (15) may be solved simunltane-
ously for the numerical values of the constants of lnte-
gration A arnd 3B, which are then insertsd into the
equatlions that apply for the second interval. Lguatilons
(12) and (14) enable a determination of the increment in
wing angzle of attack, while equations (13) and (15) give
tha rate of change of the angle of attack following the
particulaer type of control displacement adopted. .The in-
crements of the wing load and the load factor are then
found from the equations

a0y,
AL = e daqS . K (16a)

An = % %‘7‘% . (160)
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.. It 18.seén -from the bracketed term in equation (6)
that, in order to determine the effective  tall angle of

attack at any time, the pitohing velocity and the rate

of change of the wing angle of attack must first be known,
If substitutions are made from oguations (7) and (8) into
this term, the increment.in effective tall angle of at-
tack at any time 1s

- 403,

4ocode '8 Xt \ 2 Xt fag. 1 0 4o
Aq"'i -[Aa.<1- ;’..:- -d:-% _-; ﬁ:: )— ? = (-ai-+ ﬁ)""ﬁ'“] (17a)

.Tﬁé value of —Aat gilven 1in equ&tion (17a) :1s to be in-

serted in the equation

d.cL
ALy = 'E_t Aoy MgqSy (17v)
ot
to obtain the increment in tall load at any tinme.

The piltching angular velocity from equation (8) 1s
seen to be: .

é=¢+4a9&%ﬁ-§¥ . (18)

. Although equations (12) to (15) are solutions for a
particuler type of elevator movement, other analytical
displacement functlons that give somewhat slmpler solutions
ars available. (See references 6 and 8.) In these simpler

_ functlions, however, tha rate of movement varies along the

displacement curve so that 1ts effect on the tail load
cannot be directly determined. The following equations are
general, allow for all types of elevator movement, and are

"subject to thé assumptions previously listed. They may be

derived from a consideration of a succession of small in-
crements of elevator impulse 8(t)dt..

. _
. ba ..%’f {ea(t'-t)si_n.b (t'=t) s(t)} at (19)
- VYo

. L : '
a.%"-f {La. 8ind (t'-t) + b sind ('t'-t)]e‘(t"‘“s(t)}at (30)
o . oo

The evélﬁat@on of general equations (19) anda (20) is
most readily obtalned by integrating gurves of the values
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appéaring within the ‘braces plotted agalnst "the quantity
t!'=t. BSuch an integration.gives the value of Aa- or &
at the time t?'.

APPLICATION OF THE THEORY

Practical flight considerations indicate that certailn
gquantities appearing in equations (1la) must be considered
a8 varlables with a given airplane. These quantities, not
negessarily liated in the order of thelir importance, are
as follows: .

(1) Mase density of air ﬁ

(2) Airplane speed V

(3) aAirplane mass = '
(4) Pitching moment of inertis I (=mky?)
(6) Rate of elevetor deflection a8/ dt
(6) Incroment of elevator deflectlon A8

(?7) Slope of the pitching-moment curve dCp/da
variation 1s due to changes 1n the center=of=
gravity poesition)

(8) Slope of the 1ift ourve d0;/da (variation is

due to changes in the thrust component that
contributes to the 1ift)

(9) Tail efficliency factor (variation 1s due to
changes in thrust condttion)

(10) Downwash factor de/do (variation is due to
changes in the thrust condition)

A number of calculations were made to determine the
relatlve effects of each of these variables on the wing
and tall loads for the BT-9B airplane. A drawlng of this
airplane 1s shown in figure 2., For all the cases consid-
ered, the pertinent parameters and their numerical values
are llsted in table I. The required aerodynamic parameters
were available from unreported tests made in the full-scale
wind tunnel and’ the other values listed were available by
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- measuvrement or were arbitrarily assigned. The range cov-

ered, by these variables 1s the range that might be covered
nunder actual flight éonditioms.” ~ - v - c-cen o .

Figure 3 shows the computed changes from the steady-
f1ight condition in the wing angle of attack, the effec-
tive tail angle of attack, and the angular velocity for
cases-l, 2, and. 3 of tadble.I due to a 159 deflection of
the. elevator. The variables covered in this figure are
the alr speed and the rate of elevator deflection.

Figure 4 shows the effest of varying the altitude at
two different dynamic pressures. corresponding to indicated
veloclties at. 126 and 160 miles per hour, with only the
medium rate of elevator movement being used. Figures b
through 10 show the results of varying the moment of iner-
tia, the airplane mass, the slope of the 1lift curve, the
downwash factor, the center-of-gravity position, and the
tall efficiency factor. In figures 4 to 9, case 4 of table
I was used as the basis for comparisoni in figure 10, case
1 of table I was used.

In figure 3, 1t 18 seen that the maxlmum effective
negative increment of tall angle of attack markedly in-
creased with an increasse in the rate of slevator deflec-
tion; whereas, for a given dynamic pressure, the maximum
wing angle of attack remained almost unchanged with the
rate of elevator movement. An increase in the alr spsed
caused: (1) a decrease in the maximum negative value of
the effective tail angle of ettack and (2) a proportional
increase in the maximum angular velocity. Because of this
behavior, the maximum increment of load on the wing and the
positive lncrement of load on the tall would be propor-
tional to the dynamic pressure for a given rate and amount
of elevator deflectlon, but the maximum negative increment
in tail load would be slightly less than proportiomnal to
the initial dynamic pressure.

¥rom figures 6, 6, and 7, it 1s eeen that the assumed
changes in the moment of inertia, the airplane mass, and
the slope of the 1lift curve, respectively, caused only
slight additional changes in the wing and the effective
tail angles of attack and only slight additional changes 1n
the angular velocities, A more marked effeoct 1s apparent
in figures 4, 8, 9, and 10, where the altitude, the down-
vash factor, the center-of-gravity position, and the tall
effdclency factor, respectively,were varied. It must be
remembered, however, that the changes apparent from these
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figures do not necessarlly represent the relative impor-
tance of each of the variables because the pprcentages-of
changes consldered were not equal dbut were taken as the
changes that might be obtained in the contemplated flight
tests.

Teble Il presente the percentage of change 1in the,
maximum wing losd and in tkhe maximum poslitive and negative
tail load for interpolated l-percent changes in each of
the varlables, case 4 belng usvd as the standard of com-
parison. Although this table summarizes the quantitative
effect of slight changes in eaach variable from case 4 of
table I, these changes must .bes taken as qualitative for
other flight conditions of the BT-9B airplane and for other
airplenses.

Before conclusions as to the relative importance of
the variables are drawn from an inspection of table II, 1%t
must be recogniged that certaln variables may be more ac-
curately obtainable than others., ZXor this reason, those
variables that are lees accurately known, such as the down-
wash factor and the tall efficiency factor, nay acqulre
greater importance in order to provide for the probabdle
error in the derived values. It appears that, for equal
ratee and amounts of elevator deflection, the center-of-
gravity position is of the greatest importence; the down-
wash factor, the air speed, and the. talil efficlency factor
are - of approximately equal importance but are somewhat
less important than the center-of-gravity position in doe-
terminling the wing and the tail loads,

EQUATIONS F OB DETERMINIEG MAXIMUM LOADS

although the preceding sections have given the sim-
plified theory and its application to the computation of
the load variation with time, the values of principal in-~
terest from structural conslderations are the maximum in-
crements of load on the .wing and the tail following a
given control deflection. Equations and factors for de-
termining the theoretical maximum loeds are as follows?

" Maximum Wing Load Increment

Reference to equation (14) indicates that the incre-
ment of the wing angle of attack, and as & consequence the
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wing load, is determined by the addition of a damped @B~
.-elllatory term and a constant term that depends on -the

elevator deflection.” 'The oscillatory term-is so.heavily
damped,* however, that after a few seconds (figs. 3 to 10)
1ts effeot has preactically disappeared and the increment

in the wing angle of attack quickly approaches & filnal
value equal to F3/Kg 8,4 If the values for Kz and K,

£€iven by equation (1;&) are substituted into equation (14),
there 1s obtained the following equation for the final val=-
ue of Aal D .

d%t

a8 Aamaz

Aapipngl = . (21

Syxy . da L da da /Mg 3 ¥/

_(gagm>< Ly (8 _,‘1°I-+.f<l-ns. _."f_Ia...Les_.’it]
[ & ol nt
f

e - " b
1 2 3
This value may be inserted in the equation
| | 2% iha
do
nel<+ W/S (22)

to obtain the resulting load factor following an elevator
deflection A48p,y. Kaul and Lindemann in reference 4 have
g€iven an equation similar to squation (21) except for the
firet term in the denominator, Although the order of im-
portance of the terms in the denominator of equation (21)

w1ll in most ceses be 2, Z, and 1, computations indicate

that the effect of the first term may sometimes be &s
large as that of the third term.

With the exception of dOp/da and d¢/da, all of
the quantities involved in equation (21) for & glven case
can be determined with a satisfactory degree of accuracy

or are specified by the geometrical characteristics of the
alrplane,

From figures 3 to 10, 1t 18 seen that the airplane,
in oscillating about the final value of Aa, first reaches

*As a direct result of the essunptions employed, only the
:Eort-period highly demped oscillation appears in the equa-
ons, - -
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& maximum vealde of A“max' In order to account for this
maximum valuse, the value of Aafijpngl &iven by equation

{21) can be 1ncreased by the mse of the correction factors
glven in figure.ll, These factors were obtained by flirst

noting from flgure 3 that the time shift of the valuee of

Aapgx from that of an instantaneous deflectlon to that

for any other rate of .deflection was approximately equal
to t,, the tlme required to reach the maximum elevator
deflection, This result, together with the knowledge that
the natural period of vibratlon about the final trim con-
dition is equal to 2n/b, places the time at wvhich Aa
reaches a maximum as approximately equal to t, + w/b. By
e somewhat long and tpdious derivation, not essential to
this paper, the multiplying factor for -equation (21) was
found to be closely given by

-(Klla)é +m)

The factor as given applled best when ¢, -3 0.5 and for
the usual range of stabilities where K5 & Kl /4. For val-
ues outside this range the factor 1s obviously incorrect.
Figure 11 shows the factor F, plotted against ¢t, for
various valuses of K; and ratlos of Kl/Ka that are
likely to exlist in an actual case. Alterratively, the maxz-~
imum increment in the wlng angle cowuld be found by comput-
L
ing a few values of &a near the time ¢;+

F°=1+a

m

./x3,11“/4'

with  the use of equation (14) for this purpose.

Maximum Down-Tall Load Increments

Reference to figure 3 indicates that, with rapid
ratee of elevator deflection, the marximum down-tall load
increment ococurs when maximum deflection is reached; where-
as, with the slower rates, the- mazimum increment actually
occurs before the maximum deflection. ©n the besis that
the maximum %tail lncremant occurs at tims +,, equation
(172) could be rewritten as

where ¥, and Ty would be the values multiplying the

(23)
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quantity Bmazls/tixg of equations (12) and (13) when

As may be noted from the figurea. subatitution of
t, for ¢ would yield too low a value of the down-tall
angle if the elevator motion were slow. An analyeis of the
results of the computations, .together with the equations
involved, indicated that the maximum down-~tall angle will
ocour sither at the time ¢, , or near the time given by
0.47/b, d4ppending on which value is the smaller. The
value O.4w/d 1s near the quarter period of the oscilla~
tion, .

Figure 12 givee the values of F,; and PF; ocomputed
by substituting these two values of time into equations
(12) and (13). The faired parts of the curves were ob-
talned by applying the value t, and the horisontal por-
tions were obtained by using the value O0.4w/b for the
time, The approximation to the maximum theoretical value
of the down-tall angle obtained by the esubstitution of the
value O.4n/? for the time is not so close, however, as
the approximation faotor previously given for the wing
angle,.

Maximum Up~Tail Load Increment

Reference to figures 3 to 1l indicates that the up-
tall load lncrement has two values of interest! a maximum
value that occurs during the first oscillation of the alr-
plane and a final steady value that occure when the alr-
plane is treveling at a constant angle of attack and a con~-
stant angular velocity. In the final steady state, the
rate of change of the angle of attack 1s zero; therefors,
in equation fl?a). which gives the effegtive tail angle,
the middle term becomes zero. If the value Adpyjng)

?1ven by equation (21) is substituted for 4&a 1in equation
17a) and the resulting expreesion is simplified, 1t 1is
found that the final increment of up-~tall angle 1is very
nearly equal to

) @0 () B 0

Bquation (24) indicates that the £1nal upetail load
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- increment following & control ddesplaceiment depends almost
directly upon the slope of the pltching-moment. curve for
the eirplane without the tail in place. Such a variation
-of the final value of the tall load precludes the possi-
bility of giving the maximum velue.as & factor times the .
steady value, the procedure previously used with the wing.
A resasonable method seems to be to divide the maximmm

value into two partsi the s teady value already glven and
an additional value: to bs added to this given value-

Although it 1s imposelble to give thie- extra incre-~
ment exactly by any short expression, the followdng expres-
slon has been founﬁ tﬂ sive a reasonably close approxima-

' tion .

- . . - - . :' ; -.._'
[ -, /2 (___2;21___4 %A . s
As g% e * ﬁ;-xl‘a/4 ] : : (25)

This value was determined .from an analysie of the ecuations
involved as well as of the computed resulte, and it will

be seen that the exponential time factor is similar %o that
previously given in the determinatlon of Fo for the wing
and is subJect to the same limitations as that factor.
Figure 13 glves the varimtion of the exponential factor

F, (the bracketed term of equation (25)) with ¢, for

various values ‘of K,- and Kl/ga. )
DISCUSSION OF EQUATIONS OF MAXIMUM-LOAD INCREKENTS

The equations given include most of.-the factord re-

* quired -for the determination of the. maximum load values of
the wing and the tail following a glven type of elewator
movement., Because some of the guantities that appear vary
only slightly between airplanas. it may be possidble upon
the completion of propoeed flight teste to introduge aver-
age values in the equations that will make them appear less
formidable,

It is obvious that, in any well-balacned design, the
controls should. be eapahla of being moved sufficiently by
the pilot to mapeuver- the ‘airplane to the appllied load
factor at all air speeds within the unstalled-=flight range.
The necessary relation between the elevator deflection and
the load factor caen be obtained from equations -(21) and
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(23), and the up-tail load 1s then found from expressions
(21), (24), and (256). Although the down-tall load incre-

""ment is Trelated to-the wing load factor through the 1incre-

ment of elevator deflection, 1t depends so markedly on the
rate of movement that the rate must be known or assigned
in advance.

At present, little 1s known regarding the rates of
elevator deflection encountered under normal conditions
except that a finite length of time (of the order of 0.2
sec) is regquired to apply the necessary force in even the
quickest maneuver with the coantrols both aerodynamically
and statically balanced. It eseems reasonable to expsct
that, even though the controls are moved as rapidly as
poeslbla, the effective rate of movement would be slightly
reduced owing to aerodynamic lag. JTurther, it can be ex~
pected that the rate of movement would be decreased with
an increase in the slize of the alrplane because of an in-
crease in the 1lnertia of the control system.

Particularly severe tall loads can be built up 1if,
after a movement of the elevator and durilng the time that
the alrplane 18 traveling on & curvilinear path, the ele-
vator 1s abruptly reversed to an opposlte position. This
type of movement, under certain conditione, counld result
in a tall-load increment more than twice the value obtained
with the single throw. ©Such movements are unusual and
thersfore probabdly of small concern. It should be noted,
hovever, that, 1in a normal maneuver such as a pull-up, the
elevator is returned to neutral more or less rapidly at
some time after the initial upward displacement. If this
Teturn to neutral ies made at about the time of the maximum
upward load due to damplng, substantial upward increment
of load may be added to that already existing. Because of
these possibilities, the horizontal tail for small maneuver-
able airplanes should probably be designed to withstand
load increments lncurred in a push-down, pull-up condition
that would cover the flight V-G envelope from a negative
to a positive value of g. [The loads for the large airplane
should be designed for a similar meneuver, but the rates
of movement should be consilderadly lower,

Langley Memorlal Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va.
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. ~m. .- .TABLE I
CHABACTERISTICS USED IN Tn COMPUTATIONS
Characteristice held constant
o[ o] s | s | x| mfmle
(£t) | (£%) {(sq *t) |(sq £t) -
-16 | 43 48 48.5 1.1|2.83]1.5110,533
Chargcteristice varied
a

Case '(slzss/ (fge) (lb/gq £t) (31::89) (slu;-fta) (?Ea) %% %% m gé
1 ?0?238 146.6! 85.6 140 | 4400 31.4(0.125{4.15 {0.95 |0.53
e .002381183.3| 40.0 140 4400 31.4| .12514.15 .95 .Bb3
3 .0023¢€ 220.0| 57.6 140 4400 131.-';:i L12544.18 .95 .53
a | .0019e|201.0| 40.0 140 400 | 81.4! .125/4.15 | .95 55
5 .00163 265.0 - 57.6 140 —4400 3l.4f .125(4.15 - .85 .53-
6 00138 1201.0| 40.0 140 4600 32.8: .125(4.15 951 .53
7 .0C1982C1.0| 40.0 150 : «400 29. 3; 12514.156; .95 .53
8 .00198{301.0{ 40.0 140 | 4400 3l.41 .125|4.566 | .95} .53
9 .00198|201.01 40.0 140 «400 31.4| .125|4.15 | .95] .80
10 .001884201,01 40.0 140 4400 31.410 4,15 951 63
11 | .00238|146.6| 25.8 140 4400 31.4| .125{4.15 [1.21| .53
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VARTATION YN IOADS FOR CASE 4 CAUSED BY SEPARATELY CHANGING EACH
OF A RUMBBER OF PARAMETERS 1 PERCENT

Percentage of change Iin

Maximum in-| Maximum nega- | Maximm posi-
Variable chenged - cremont of | tive increment | tive increment
wing load of tail load of tail load
Center-of-gravity |
position b .65 0.97 21.91
Alyplane airppeed, V 2.00 1.97 2.00
Downwash factor, :
d.ﬁ /dﬂ- 099 023 '031
Slope of 1ift curve
a0y /da. ’ - .28 - 406 Ol
Tell efficiency
factory ny 22 - .48 82
Airplene mess, m «18 08 =07
Moment of inerties, I 09 58 22
Altitude «06 05 11
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Figure 5.- Effect of
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Cases 4 and 6.
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Figure 6.- Effect of
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